Progressive multifocal leukoencephalopathy (PML) is a demyelinating disease caused by reactivation of JC virus in immunocompromised patients. To date, PML with discrete involvement of the pyramidal tract has been described in only two patients. This report describes an additional case with PML showing discrete involvement of the pyramidal tract on T2-weighted images and FLAIR images.
Introduction
Progressive multifocal leukoencephalopathy (PML), a disease of the central nervous system (CNS), is characterized by destructive infection of oligodendrocytes by JC virus [1] . Interference of the immune system, such as that by human immunodeficiency virus infection, malignancy or immunosuppressive drugs, reactivates the virus and might engender the disease.
The characteristic MRI appearance of PML is single or multifocal lesions that are round to oval at first and which become confluent and large with progression of the disease. The involvement of arcuate fibres creates a sharp border with the cortex. The lesions are hypointense on T1-weighted images and are hyperintense on T2-weighted and FLAIR images. Lesions do not enhance and have no mass effect [2] . Although characteristic MR appearances have been reported in PML, dilemmas of differentiation from other diseases can occur based on imaging alone. This report describes a case presenting unusual MR features of discrete involvement of the pyramidal tract in light of the literature.
Case Report
A 61-year-old woman had suffered from liver cirrhosis and hepatic carcinoma for two years. She had also been treated for systemic lupus erythematosus (SLE) with steroids for one year. She developed progressive right hemiparesis followed by dementia with a history of two months. MR imaging was performed including T1-weighted imaging, FLAIR imaging, T2-weighted imaging, diffusionweighted imaging (DWI), contrast-enhanced T1-weighted imaging, and MR spectroscopy. The T2-weighted images showed high signal lesions in the left temporal lobe, fundamentally confined to white matter (Figure 1(A) ). Almost no mass effect was found, considering the size of lesions. The lesions discretely involved the left pyramidal tract on the coronal FLAIR image (Figure 1(B) ). T1-weighted images showed slightly low signal and iso-signal intensities of lesions (Figure 1(C) ). No enhancement was visible in any lesions on contrast-enhanced T1-weighted images. DWI showed partially high signal areas in lesions, particularly in the left pyramidal tract (Figure 1(D) ). MR spectroscopy revealed an increased choline peak and decreased N-acetyl aspartate (NAA) (Figure 1(E) ). PML and brain tumour such as lymphomatosis cerebri and gliomatosis cerebri were suspected as differential diagnoses based on MR imaging findings as well as clinical information.
The patient underwent brain biopsy followed by cerebrospinal fluid (CSF) polymerase chain reaction (PCR) analysis of JC virus. Stereotactic brain biopsy of the lesion from left temporal lobe showed no tumour cells but features of demyelination of the white matter with reactive astrocytic cell proliferation. Occasional oligodendrocytic and astrocytic cell nuclei had basophilic large inclusions (Figure 1(F) ). CSF PCR analysis revealed JC virus infection leading to the diagnosis of PML. The patient was treated with mirtazapine. However, the patient's condition deteriorated thereafter. Serial MR imaging showed lesions extensively involving the cerebellum. Therefore, the patient was treated with mefloquine instead of mirtazapine, but she died after six months.
Discussion
PML is a fatal virally induced demyelinating disease that was once rare, but which has become more prevalent today. PML develops in patients with impaired immunity. The number of reported cases of this disease has increased substantially because of the pandemic of acquired immunodeficiency syndrome (AIDS). In non-AIDS patients, advancements in therapy of underlying diseases and the increasing use of immunomodulatory drugs have markedly changed the clinical background, particularly in patients with hematologic malignancy. The disease can also develop in patients with rheumatic diseases related or unrelated to immunosuppressive drug treatment; indeed, SLE is a common underlying disease [3] . Consequently, PML is now common and can develop in association with numerous different diseases, treatments, and conditions that engender immunodeficiency.
The characteristic MR appearance of PML is single or multifocal white matter lesions that become confluent and large with progressive disease. The involvement of U fibres creates a sharp border with the cortex [2] . Usually, no mass effect or enhancement exists. High signal on DWI and low apparent diffusion coefficient (ADC) represent the regions of active infection and cell swelling [4] . MR spectroscopy shows elevated choline and reduced NAA [5] . In addition, our case was unique in that it showed discrete involvement of the pyramidal tract. To date, PML with a discrete involvement of the pyramidal tract had been described only in two cases [6, 7] . All three cases including ours presented with rapidly progressive hemiparesis as the first clinical sign, presumably because of discrete involvement of pyramidal tract of PML. In our case, brain MR images showed diffuse white matter changes mimicking brain tumours such as gliomatosis cerebri and lymphomatosis cerebri. Those brain tumours and oligodendrogliomas are also known to show continuous involvement of the pyramidal tract on MR imaging or autopsy brain [8] [9] [10] .
The MR imaging findings of gliomatosis cerebri are similar to those of PML, including widespread lesions with several lobes, no enhancement, and increased choline/NAA ratio [11] [12] [13] . Reportedly, gliomatosis cerebri shows slight effacement of the ventricles without displacement of the midline in 57.1% of cases and displacement of the ventricles with slight midline displacement in 42.9% of cases [11] . Consequently, it is noteworthy that the finding of slight effacement or the mass effect of ventricles is important for differential diagnosis between gliomatosis cerebri and PML.
Lymphomatosis cerebri is a rare variant of primary central nervous system lymphoma. Clinically, the disease typically presents with rapidly progressive dementia and unsteadiness of gait. Its presentation on cerebral MR imaging, which is characterized by diffuse leukoencephalopathy without contrast enhancement and mass effect, often causes diagnostic dilemmas with suspected diagnoses ranging from Binswanger disease to leukoencephalopathy or encephalomyelitis [8, 14] . Findings of DWI and MR spectroscopy have not been reported yet for lymphomatosis cerebri.
Oligodendrogliomas are primary glial neoplasms derived from oligodendrocytes. Seizure has been the most common presenting symptom. To date, Oligodendroglioma with a discrete involvement of the pyramidal tract had been described only in one case [9] . Both the maximum ADC values and minimum ADC values were significantly different from normal brain. The Cho/Cr is significantly higher than normal brain, and the NAA/Cr significantly lower than normal brain [15] .
To conclude, we presented unusual MR features of discrete involvement of pyramidal tract in a patient with PML. This knowledge might help to produce correct diagnoses of this disease.
